INTRODUCTION
Patients with the paraneoplastic disorder cancer-associated retinopathy (CAR) suffer from a progressive visual dysfunction as a remote effect of cancer in a distant part of the body. The general finding of circulating autoantibodies in these patients directed to specific retinal structures suggests that a humoral autoimmune response is involved in the retinal degeneration. The most frequently described retinal autoantigen in CAR is the 23 kD antigen, recoverin, a photoreceptor and bipolar cellspecific calcium-binding protein [1] [2] [3] . In addition to this retinal component, other autoantigens have been described in CAR, including enolase [4] , a heat-shock cognate protein [5, 6] , a tubbylike protein 1 [7] and several unidentified antigens of various molecular weights [8] [9] [10] [11] [12] [13] . This suggests that an immune response against various retinal antigens may lead to visual impairment as observed in CAR. The molecular pathophysiology of CAR has not been fully elucidated and two possible mechanisms have been proposed. One hypothesis for the induction of anti-retinal antibodies in CAR is that aberrant expression by cancer cells of retinal proteins, normally present in the immune-privileged environment of the eye, induces an immune response. Alternatively, antibodies generated against cancer cell antigens might crossreact with retinal epitopes and cause autoimmune retinal degeneration. All CAR antigens described so far are intracellular proteins, suggesting that these antigens are sequestered and seem unavailable for the autoantibodies. However, several studies have shown that autoantibodies, including anti-recoverin and antienolase, are able to penetrate living cells and trigger cell death via apoptosis [5, [14] [15] [16] . In this study, the autoantibody repertoire of two CAR patients with similar visual problems was analysed. Autoantibodies from both patients recognized an antigen doublet of 40 kD preferentially expressed in the retina and localized to the membranes of the photoreceptor outer segments. In addition, a protein of 35 kD present in the retinal outer plexiform layer was recognized by serum antibodies of one patient.
PATIENTS AND METHODS
Patients' history Patient 1 was a 73-year-old woman. Her visual acuity of the right eye had gradually decreased to 12/20. The acuity of the left eye was 20/20. She complained of decreased vision of both eyes, especially in the dark. Visual field analysis (Hymphrey central showed parafoveal decrease sensitivity confirmed in the pattern deviation. Clinical examination showed clear media and minimal retinal pigment epithelial mottling of both eyes. Colour vision showed a red-green deficit in the right eye ( 
SUMMARY
Cancer-associated retinopathy (CAR) is a paraneoplastic syndrome that is characterized by degeneration of the retina as a remote effect of cancer outside the eye. The detection of autoantibodies associated with the retinopathy may precede the diagnosis of the underlying cancer. We have examined the sera of two patients with CAR by Western blot analysis. Autoantibodies to a 40 kD antigen doublet and a 35 kD antigen were detected. Tissue specificity of the autoantigens was determined by testing several different tissues. The 40 kD antigen doublet was most abundant in retinal extract but was also present in lung and spleen extracts. The 35 kD antigen showed little tissue specificity and was present in all tissues tested. Fractionation of retinal proteins into water-soluble and -insoluble proteins revealed that the 40 kD antigen doublet was highly insoluble and probably represented membrane-associated proteins. Immunohistochemical analysis of the retina showed that the 40 kD antigens locate to the photoreceptors while the 35 kD antigen is located in the outer plexiform layer.
excised. At follow-up one year later, her visual complaints were similar, but no deterioration was measured. The tumour was in complete remission. Patient 2 was a 69-year-old man. He complained of difficulties with reading. His visual acuity was 20/20 of the right eye and 8/20 of the left eye. There was a moderate nuclear lens sclerosis in the left eye. Ocular tension was 27/27 with aplanation tonometry. The discs of the optic nerves showed an increased cupping of the left eye, with a cup disc ratio of 0·7 (0·2 for the right eye); repeated visual field analysis showed decreased pericentral sensitivity in both eyes. Because of the suspicion of glaucoma, he was treated locally with betaxolol, resulting in a diminution of the ocular pressure to 17/17. A colour vision test showed a severe red-green deficiency of both eyes. His dark adaptation was also severely diminished. Six years earlier, a prostate carcinoma was detected which was treated with radiotherapy. Six months after his first eye examination, bone metastasis was detected and this was treated with busereline, a testosterone-depressing gonadoreline analogue.
Local ethical approval and informed consent was obtained from all blood donors.
Preparation of protein extracts
Human retinal tissue was obtained from donor eyes that were processed at the Eye Bank of the Netherlands Ophthalmic Research Institute. Human and rat tissues were isolated, immediately followed by snap-freezing in liquid nitrogen. A total protein extract was obtained by adding approximately 100 mg of tissue to 500 ml sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis (PAGE) sample buffer (125 mM Tris HCl pH 6·8, 2% sodium dodecyl sulphate, 5% beta-mercapto-ethanol, 10% glycerol, 0·005% bromophenol blue), followed by vigorous stirring to shear the chromosomal DNA, boiling for 5 min and centriguging for 5 min at 10 000 g. To separate rat retinas into water-soluble and a water-insoluble fractions, four retinas were homogenized in 300 ml phosphate-buffered saline (PBS), pH 7·4, using a mortar. The homogenate was centrifuged at 10 000 g for 5 min, and to the supernatant fluid containing the water-soluble fraction, an equal volume of 2¥ concentrated SDS sample buffer was added. To obtain the water-insoluble fraction, the remaining pellet was washed twice with 1 ml PBS and resuspended in 200 ml SDS sample buffer, followed by vigorous stirring and boiling for 5 min. The remaining insoluble material, consisting mainly of lipids, was removed from the extract by centrifugation for 5 min at 10 000 g. A retinal membrane protein fraction was obtained essentially as previously described [17] . Briefly, a water-insoluble fraction of rat retina was dissolved in a volume of 10 mM Tris HCl (pH 7·5), 2% Triton X-100 and 12 mM phenylmethylsulphonyl fluoride (PMSF), and stirred for 1·5 h. After centrifugation, the pellet was re-extracted under the same conditions. SDS sample buffer was added to these two fractions and the remaining pellet before size fractionation by PAGE.
Western blot analysis
Protein extracts (15-20 mg per lane) were size-fractionated by 10% SDS-PAGE and electroblotted onto nitrocellulose filters (Schleicher and Schuell, Dassel, Germany). Blots were incubated with diluted serum from CAR patients or pooled normal human serum, washed, and incubated with a 1 : 1000 dilution of a goat anti-human Ig horseradish peroxidase-conjugated secondary antibody (DAKO, Glostrup, Denmark 
Immunohistochemical analysis
Cryosections (10 mm) of adult Wistar rat eyes were acetone-fixed and incubated with diluted patient or control serum. Sections were washed and incubated with a peroxidase-conjugated mouse monoclonal antibody to human IgG (CLB, Amsterdam, The Netherlands), followed by washing and staining with diaminobenzidine.
RESULTS
The sera of two patients with different types of cancer (colon carcinoma and prostate carcinoma) and clinical symptoms of cancerassociated retinopathy (CAR) were analysed for the presence of anti-retinal autoantibodies by Western blot analysis using total rat retinal extracts. The serum of these patients appeared to contain IgG antibodies to several proteins, of approximately 40 kD, in both human and rat retinal extracts (Fig. 1) . As negative controls, pooled normal human serum and the sera of 25 uveitis patients were tested. Although some of the control sera gave weak bands of various molecular weight, none reacted with these particular antigens (not shown). To determine the tissue specificity of these autoantigens, Western blots containing an equivalent amount of total protein from rat retina and various other rat tissues were incubated with diluted sera from patient 1 and 2, and normal human control serum. As shown for patient 1, the protein doublet around 40 kD is highly expressed in the retina, but could also be detected in the spleen and the lung (Fig. 2, closed arrowheads) . The serum of patient 2 labelled the same doublet (although the signal in the lane containing lung extract was very weak) but in addition, contained autoantibodies directed to an antigen which was expressed in all tissues tested (open arrowhead). This suggests that the expression of the 40 kD doublet antigen shows tissue specificity, with high expression in the retina and moderateto-weak expression in spleen and lung tissue.
To determine the location of the antigens in the retina in more detail, cryosections of whole adult Wistar rat eyes were incubated with diluted patient and control sera. Control sera gave no specific staining above background, while the serum of patient 1 gave weak staining of the outer segments of the pho-45 kD 31 kD pat.1 pat.2 r a t h u m a n r a t h u m a n toreceptors (not shown). Serum of patient 2 gave strong staining of the outer segments of the photoreceptors and in addition, a sharp line of intense staining at the position of the outer plexiform layer (OPL; Fig. 3 , left panel). Serum of both patients contained antibodies against the 40 kD doublet antigen and gave staining of the photoreceptor outer segments in immunohistochemistry. This suggests that the 40 kD doublet antigen constitutes part of the photoreceptor outer segments, while the additional antigen recognized by patient 2 corresponds to the autoantigen in the OPL. To confirm these results, diluted serum of patient 2 was pre-absorbed with rat retinal extract. Although the absorption procedure led to some reduction in overall staining, the autoantibodies directed to the 40 kD autoantigen doublet were efficiently removed, while the intensity of the 35 kD antigen remained similar to the mock-absorbed diluted serum (Fig. 4) . The absorption efficiency was monitored by Western blot analysis (Fig. 4) . This showed that this procedure efficiently removed the autoantibodies directed to the 40 kD autoantigen doublet while the intensity of the 35 kD antigen (see also Fig. 2 ) remained similar to the mock-absorbed diluted serum. When this pre-absorbed serum was subsequently used for immunohisto- chemical analysis, the strong staining of the photoreceptors was reduced to background level, while the intense staining of the line of the OPL was not affected (Fig. 3, panel B) .
The 40 kD autoantigen doublet always appeared as relatively broad bands on standard SDS-PAGE followed by Western blot analysis (see Figs 1, 3, 4) . Water-insoluble proteins are known to display such aberrant electrophoretic behaviour. To test whether these photoreceptor-associated autoantigens were indeed waterinsoluble, a retinal extract was fractionated into water-soluble and water-insoluble proteins. Both fractions were analysed by Western blot using diluted serum of the CAR patients and several negative controls. Patient 1 recognized the 40 kD doublet autoantigen in the water-insoluble fraction only (not shown). However, the blot incubated with serum from patient 2 showed complete separation of the photoreceptor 40 kD doublet, which was in the water-insoluble fraction, and the OPL-specific 35 kD antigen, which was completely in the water-soluble fraction (Fig. 5) . These same fractions were analysed by Coomassie staining and showed that whereas the 40 kD antigen doublet appeared as prominent bands in the total extract and the water-insoluble extract, it was absent from the water-soluble fraction (Fig. 6) . These results indicate that the 40 kD doublet antigen constitutes a significant part of the total photoreceptor cell protein. To test whether these water-insoluble antigens were membraneassociated proteins, a Triton X-100-soluble protein fraction was prepared from a pellet of water-insoluble retinal proteins. As shown in Fig. 7 , the first extraction with Triton X-100 yielded only residual water-soluble protein, while the second extraction resulted in partial recovery of the 40 kD autoantigen doublet from the pellet. These results suggest that the autoantigens are membrane-bound proteins.
DISCUSSION
In this report, we describe two patients with similar ophthalmologic complaints, including reduced colour vision and disturbed dark adaptation, in association with prostate or colon carcinoma. Both patients had circulating autoantibodies directed against an antigen doublet of around 40 kD, while one patient revealed an additional strong antibody reaction with a 35 kD antigen. These antigens are different from known autoreactive proteins in CAR patients but similar to the major 23 kD CAR-associated autoantigen, recoverin; the 40 kD doublet showed predominant expression in the retina. Tissue specificity of autoantigens is, however, not a prerequisite for organ-specific immunological damage. Autoantibodies to proteins showing little tissue specificity, such as the 46 kD enolase antigen [4] , neurofilaments of 58-62 kD, 145 kD and 205 kD [10] , and the 70 kD heat-shock cognate protein [5, 6] , have also been implicated in the aetiology of CAR. Therefore the autoantibodies to the 35 kD antigen, located as a sharp line in the OPL, might well have contributed to the visual deterioration. Labelling of the OPL was also reported in cutaneous melanoma- associated retinopathy but the antigen was not further characterized [18] . In contrast, the retinopathy in the patients described by Mizener et al. [19] had circulating antibodies against structures present only in the IPL. Both the OPL and the IPL contain synaptic connections between the various retinal neurones, and a high level of autoantibody to components of these delicate structures is likely to contribute to the visual problems of these patients. Remarkably, the 35 kD autoantigen appeared to be present in all tissues tested, with the highest expression in kidney and liver. Possibly, this protein is part of a transmembrane channel, which are abundant in these two organs and retinal synapses. The exact mechanisms by which autoantibodies directed to intracellular retinal antigens are generated and lead to visual impairment are poorly understood, and have only been studied in detail for recoverin and enolase [14, 15] . Cancer cells of CAR patients have been shown to express the retina-specific recoverin, which may lead to a humoral autoimmune response [20] [21] [22] . These anti-recoverin antibodies were able to penetrate living cells and to induce apoptosis [23] . Although recoverin-specific T cells have been described in a patient with CAR, the presence of these cells was not accompanied by overt disease. Whether the autoantibodies identified in this study have cytotoxic potential remains to be investigated, but the fact that these antibodies are directed against abundant membrane-bound proteins of photoreceptors and the OPL indicates that probably, the photoreceptors themselves are involved rather than the bipolar, horizontal or Müller cells (35 kD) which are the target of autoantibodies in other studies [12, 24] . The abundance of the 40 kD autoantigen doublet in the insoluble fraction of the retinal extract indicates that these proteins are major constituents of retinal tissue. Although highly expressed in the retina, the antigens were also detected in the spleen and at a low level in the lung. This indicates that these proteins are unlikely to be abundant photoreceptor membrane-specific proteins like rhodopsin, peripherin/ RDS or rod outer segment membrane protein, since they have not been reported to be expressed outside the retina. Although several attempts were made to identify the nature of the 40 kD autoantigen doublet by protein sequence analysis, the N-terminal block and the insolubility of these proteins have precluded such an analysis. The autoimmune reaction against recoverin has been most extensively investigated, and determination of antibodies against this protein is considered to be a valid test for the diagnosis of CAR, although in patients with retinitis pigmentosa, antirecoverin immunoreactivity was found without systemic malignancy [25] . In some cases of CAR, the occurrence of autoantibodies precedes the diagnosis of cancer, and this has led to a search for additional autoantigens in cancer patients with unexplained retinopathies. In this study, we have identified three more autoantigens; two of these are abundant water-insoluble proteins of approximately 40 kD and located in membranes of the photoreceptor outer segment, and one of approximately 35 kD is located in the OPL. Although this is the first report to describe circulating autoantibodies to the OPL of the retina in CAR, the autoantibodies directed to the water-insoluble (photoreceptor) proteins could have been present in CAR patients more often; in studies using Western blot with water-soluble retinal proteins for the analysis of patients' sera, these autoantbodies would not have been detected. The use of total retinal extracts for these analyses is likely to add more retinal proteins to the still growing list of autoantigens involved in cancer-associated retinopathy.
